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The  Association  of  dan  and  machine  Desi  n 
in  Aircraft  llannin,. 


Cheng  Bu  Shi 


bn  -the  /i-Ca  nn  in>  o;  oircro-,  -i,  Siv  u-\-\odc<iion  o man  and 
mac.!  tin  a da. d n i&  a-tu/ar- & « rnaj.o  r >ipo6^c/n,  llhib.  ari.ic.-Ca  ic-LC-C 
ntaJia  a quin -tic.  u-o&f  -Lnc-tion  a-\  an  introduction  or  ci/er'/onc, 

..any  machines  need  to  be  aeveloued  with  originally  stip- 
ulated abilities,  the  ;..eans  of  lu.ini rulatin  their  "men"  alon  • 
with  their  cor:.  >osi  ti on  makes  for  an  effective  workin  system. 
..hen  desi  nin  this  type  of  machinery  you  cannot  consider  only 
the  aspects  of  "materials" , you  must  still  consider  the  assoc- 
iation of  mar  an«  machinery  . The  association  of  man  and  ma- 
chine desi  n is  always  a major  portion  oi  plannin.  . 


Introduc tion 


How  about  the  way  an  aircraft  should  operate? 

This  not  only  belon  s to  the  problems  of  pilot  trainin  , 
it  is  also  a problem  of  aircraft  desi  r. 

Aircraft  characteristics  are  constantly  advancing,  each 
day  manipulation  has  a tendency  to  become  more  complicated, 
however , for  the  physiology  ana  special  points  of  physiol o.  y of 
the  neonle  that  operate  the  aircraft,  there  have  "ot  bee"  an:, 
consricious  variations  discovered.  In  flight  accidents  a lot 
of  the  reasons  for  the  accidents  evolve  from  "error  in  pilot 
manipulation" . For  example,  Japan  has  compiled  statistics  on 
flight  accidents  that  have  occureu  in  a ten  year  scan.  Ci 
these,  G0.9‘,  of  the  accidents  were  aue  to  "manipulation  errors" , 
sec  Illustration  1.  Should  the  blame  be  placed  on  the  inade- 
quate quality  of  tire  trainin  , process,  thereby  causin  man\  un- 
qualified ilots  to  be  trained,  or  should  it  be  due  to  cofi- 
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ciencics  in  aircraft  tie  si  qn  in  which  the  desi-.n  required  that 
the  'motions  of  th.e  ilot  be  better  than  the  abilities  ol'  the 
ncrmal  • erson?  The  nani  ulation  ability  of  man  has  .;c:.e  ob- 
jective limi tati ons . '.hen  operation  of  the  aircraft  requires 
mo;-e  complication,  surpassin-  the  ran  e of  one  n:an ' s normal  a- 
bilitics,  then  the  nui.iber  of  personnel  that  manipulate  the  air- 
craft should  be  increased,  the  operation  of  it  should  be  car- 
ried out  jointly,  or  the  automated  equipment  increased,  re due - 
in  individual  responsibilities. 

The  normal  mani- ulation  ability  of  man,  firstly,  is  the 
ability  of  man  to  receive  sensitive  information  from  the  ma- 
chine, ^o:  t,  it  is  the  consideration  iver  this  received  infor- 
mation, enablin'  the  ability  to  react  with  the  proper  type  of 
manipulation,  ana  lastly,  it  is  the  ability  of  man  to  physi- 
cal 1 .r  manipulate  the  machinery.  As  man  receives  this  infor- 
mation, thought  reaction,  and  performin'  these  manipulations — 
these  three  segments,  c.ll  have  definite  objective  limitations. 

Some  people  have  already,  for  a "articular  year,  analysed 
the  serious  dan  ers  of  near- accident  occurrence,  it  has  been 
discovered  that  the  majority  of  them  were  mistakes  on  the  Pi- 
lots nart  in  the  interpretation  of  the  instruments,  and  that 
these  obstacles  occurred  in  the  associated  segment  of  pilot 
receiviny  information  from  those  oncratiny  aircraft.  The 
many  mi  stakes  that  lie  here  can  be  reduced  or  avoided  through 
redesign.  For  example,  40  times  mistakes  occurred  because  in- 
terpretation of  the  instruments  was  too  complicated  (like  the 
instruiaent  dials  with  three  needles),  24  siyht  errors  were 
because  of  2 instruiaent  dials  having  similar  exteriors,  25 
were  because  of  instrument  malfunction,  however,  none  were 
found  to  be  because  the  instruments  were  already  broken,  a 
times  it  was  because  no  attention  was  paid  to  warnin  li  jits 
and/or  because  the  warnin'  li  hts  were  malfunctioning-.  If  the 
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desi  ;n  can  be  sufficiently  improveu,  the  probability  of  a re- 
occurrence of  the  mistakes,  for  the  most  part,  could  be  avoided. 
V.hen  the  aircraft  is  in  taKe-off  or  in  landin  sta.  es,  the 
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There  ore  man;.  asocial  tie  a v.-i  thin  the  association  or  man 
ana  machine,  :;o;  .eli.-.o;.  tiio>  are  callc>:  "•'hyaiolo,  ical  science  ox. 
o on  a tract  ion  on  ineorin  " ana  "a;  cholo.  ie.vl  sc  Lenee  ox  construe 
Li  on  on  ineorin  ",  room  Li  \ covin  trio  a abx’oau  Imvo  eallet  it  the 
•'human  i. voter  o ' con  at  ruction  on-  L nee  rim  ",  droi..  the  o.oai.  n ox 
construe  ti  on  ro.hv  La  , the  us;  cot  od  man1  s aaa  eolation  with  a- 
c’ainoa  has  pointed  io  every  L\  o ex'  • ii.v  aiolo.  leal  am.  ....  chole- 
ic al  o tor  in  i,. ati.  in  this  sense,  there  arc  ,.  series  oi  ;■  o- 
oi.  nli . *ro;  ion;. , 
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reaction  ti  e , the  ost  suitable  arran  ement  ol  the  Lnstru  onts , 
t ' io  out iicient  locus  . .ovt’.  .erst,  ot  the  eye.  tor  .or*  o-rr  in 
out  their  dssion,  suscle  control  * eye  control , the  oi/er  o 
• sen3<  or  ans  to  'e<  L , . tc , n addition  there  are  t;  e:  01 
research  that  also  jss<  ...  major  si  ni ficance , sue  a:  re- 
earc  in  decision  thou  ht  roc  ess , cesearchin  the  use- 
ful nes  v . man  thin  . • , ani  tlu  vision  roc e s of  re— 

. us  i n or  ac tin  on  t ■ . two  v Lues  wi  thin , etc  • , in  or  . r 
o ..  lc  to  ro  1.  'O  :v  1.  . • ortiv  n of  , ..  »v  * . ..or.  ..it.,.  , to;  . ti 

e ...  ent . people  should  . l . . att  ntion  to  the 

iv  le\.r  vo  of  rose, .ref.  in  ...an*.  ssociution  'it..  ,..o  ,iner.  , <..»•>  ; 

in  lunnin  of  on  ineerin  rejects  executin  an  excellent  se- 
rf n of  . . ..icninc  ..ssoc  istion . 
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line,  however,  when  there  is  a strai.  l.t  line  pc  . ro-.uc tie” 
line  for  i..ass  e.sser.bly , a Ion  , cxtcnc.in  line  i.  torso..,  an  o 
te"  it  is  restricted  h;.  the  linear  i.ir.ensicns  of  the  i.an  ;.r,  t... 
series,  arran  o:  ent  ..ocs  not  alio.,  for  ..iuch  ..ircrou't  c ui  . .ent  , 
in  this,  s. inner  it  h.s.s  cour'cllou  oo.  lo  to  select  the  rovolvin 
ty  e rof.uction  lines  as  . resolution. 

r.r  esain  in  rc. ,.ir  ' to  tire  fi xcd  ty • e aircraft  re  suction. 
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ous  chan  ;ec  and  improvement!  of  the  aircraft,  even  newer,  its 
exterior  e >metric  dimensions  chan  ,e  at  ran  lora,  like  the  win 
ein  . lc'i  thene  an  the  fuselage  bein  shortened,  etc.,  there- 
fore, in  or  er  to  have  a suitable  main  assembly  roceus  for  the 
new  type  aircraft,  we  must  alter  •_  he  layout  pattern  of  the  air- 
craft ...ain  assc.ably  reduction  line. 

Inserte  on  this  pa  c,  we  have  brought  out  six  types  of  air- 
craft ..:ain  assemble  production  line  layout  patterns. 

COLU.afAR  PATTER!1 


It  is  suitable  '..•hen  the  .in  s an  of  the  aircraft  to 


Med  is  less  than  cr  very  near  to  the  width  of  the  enclose.,  area 
for  the  i. .ain  asser.ibl\  production  line.  It's  special  features  are 


that  each  .ire; 


’fc  to  be  as  *-;ableu  is  arran  ed  in  a strai,  h.t  li» 


head  to  tail,  to  make  a work  area  of  this  type,  it  is  easy  to 
arran  e the;.,  in  a series,  it  is  an  attractive  si  :ht,  it  is  con- 
vienent  to  move  each  aircraft,  and  the  entire  -roauction  line 
moves  with  ease,  however,  the  corresponding  nui.iber  of  aircraft  to 
be  assembled  is  comparatively  small. 

HOR I ZONTA L PAT TERN 

This  is  suitable  for  use  when  the  lenjth  of  the  aircraft 
that  is  to  be  assembled  is  nearly  equal  to  the  width  of  the  en- 
closed area  of  the  main  assembly  production  line.  It's  special 
features  are  that  each  aircraft  is  separated  accordin  ; to  a pre- 
determined interval  perpendicular  to  the  production  line.  To 
use  this  area  in  saiu  manner,  the  scries  arrangement  is  attrac- 
tive and  the  corresr-ondin  nui.iber  of  aircraft  to  bo  assembled 
that  can  be  arran  ed  in  series  is  comparatively  reater. 

vprn’ m *\ri  T T , ; *p  * > mr.ivt)!* 

I ijlail- J.lXi  O 1 1 JLJkL  fr.  i 

It  is  the  most  economically  arran  cu  type  of  columnar  'at- 
torn. It's  special  features  are  that  both  heads  of  a air  of 
aircraft  are  in  a consecutive  series,  the  objective  is  to  reuucc 
the  occur  ted  surface  area,  it  is  a ood  arran  cm cut  for  even  more 
aircraft  to  be  assembled.  This  type  of  attern  is  suitable  when 
the  win  s ran  an*,  the  uistance  between  the  lorwaru  .>ortior  of 
each  aircraft  is  less  than  the  width  of  the  enclosed  area  of  the 
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riei  such  s tl  L:  , , ou  have  a reat<  r o ex  en  i tur<  , . ove— 
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in  arr.'.n  o;..ent  .'or  . n even  renter  nu.  .her  o:  aircx'.u't  to  . «.• 

semi  Led.  Et  is  !s  .oi.il;  suital  le  Cor  asse  ..  lin  short  echelon 
ir>c  1 . ..li  ..in  an,  am  ......11  crosceni.  ...  o in  s ...  oi  - 

,;ro,i  to  ti.o  . -..o'  t-  ack  in  airoiv.  ’t . 


. ooial  iluroe.  ..re  ti  ...  t..o  ; or.  ..a.  Oi. 


t w . Ul 


OiV.i't  '..in  -.,  oi  ..  . ir  oi  .lire  raft  to  e ,i;oo:..ilo  . ,.rc  in  ek\.o 

roxi . ;i  t.'  , ..oroovor,  ti.o.  ..in  arrnr  e.  in  r hori  ;.on  ...1  serfs.  . 

. ,.i.  rittorn  i;  of  an  ....  lo,  a.  no i our.  nature,  not  onl.  i.  it 

r.uit.'.i  lo  tor  lovol  win  o.i  airor.u't , it  is  even  .'an her  suit.;:  lo 
tor  ur.o  ..in.,  tin.  tri  lo  '..in  oircratt , an..  lar  o l;  o ores -e  t 
..in  a.i  rora.it  aa  cOi.nmrod  to  ti  .o  suer  t-bac  ■.  ..in  aircraft  . 

t'-*  > ’ • * - • ' ’ Mil'"'  '•'*  * C*  ;)A  nun  ; > • i 

.......  . • X l\  1 ,l\t  iXJKC'i.  i ; \ i ILiliv 

It's  . ooial  features  are  that  the  rear  ca  c oi  the  .ir- 
cratt  ./in  oi  a rrJ  r oi"  aircraft  to  oo  asse...bleo  r.rc  in  clor-c 
roxi;.;it\  , ;. oroovor,  the;,  are  arran,  of.  in  a ..ori.  onv.,,1  serie;  . 
i .;  t;  o oi  • attorn  ir  onl;.  suitable  for  the  lr.r  o e ro  so  en  t t\  o 
a.ircraft  . • eos.  are.  to  tic  lovol  v,in  od  and  the  a'  ont-i  ao  . 
oJ.rcra.ft  in  ao  e ;;.'l;  line  a.rr.ri  ot.ont , but  i m . ail  to  lo  for 
the  tri  "le  v.in  am  short  echelon  win  e.ineref.. 

The  last  too  ty  or  of  nat  terns  are  hot''  tor  the  re. .notion  o' 
surface  area  that  the  .ire:-....'.;  to  o ussei.f'le..  ooou  . , the  o.i'r.v1  o- 
s;ient  i..  to  feci  1 i to  to  e.  co: ;.  urntivoly  rater  moor  o.'  airoratt 
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or  at  tern  for  the  t.-.oin  a - . : il  1;  reduction  line  cannot  be  of  a 
randc  rrang<  ent , but  must  be  Ieterinine  t ctual  :oi  i - 


ons  of  ro  uc  ti  on , 


r*  ; - * . » • 1 


•roi.uctio"  li^os  are  al.a 


clone 


roxi  lit;  to  « central  st  ra  e de  ot  an  i worksho  with  each  ele- 
ment . u;'  assein  1 . rhis  can  minimize  the  amount  of  transDOrt , 
the  (work)  cy<  le,  the  :•!  cir>  time  for  materials,  an  i mal  es  it 
convenient  v parts,  t le  ;1  ments  in  the  orkshc  and  the 

centr  1 . to:-;.  1 epot  r . t s st  arc  arts,  com  onents,  ele— 
:.;cnts , . arts-  vrehused-outsiue , an  .,  collaborati’-1  elements  ( in- 
cludin  enerators,  electrical  e y.i  ment , ra  ic  instrui  ents,  . v 
an  ament,  etc.)  for  use  in  the  assembly  or  aircraft. 

roll cain  the  conti nous  application  ror  acvclo;  in  aviation 
science  technolo  ico  alon  ..it;,  the  electronic  co:  .outers  in  the 
aviation  industries,  the  method  of  aircraft  main  assembly  cannot 
hat  sto  in  . .it  - stream  , it  vd.ll  ccrinitelv  have  it's  various 
advancements  an  '..'ill  inevitably  realise  no;,  anu  even  more  a- 
ua*. table  layout  : -attorns  for  the  rociuction  lines. 
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DISTRIBUTION  DIRECT  TO  RECIPIENT 
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1 

E05  3 
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1 
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2 
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1 
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9 
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1 

C04  3 

USAMIIA 

1 
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AE  DC 

1 
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1 
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1 
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AIR  MOBILITY  R&D 

1 
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1 
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1 
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AVIATION  SYS  COMD 

1 
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5 
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3 
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1 
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1 
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2 
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1 
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1 
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1 
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1 
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1 
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